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6.3 Chronic Inhalation Studies 

Long-term inhalation studies with cigarette smoke that result in a sufficient high iung tumor 
incidence would obviously have a higher relevance and specificity than short-term tests. 
However, the huge number of studies performed has shown that the lung tumor rate in mice, 
hamsters and rats, even at the highest smoke dose technically possible, almost never 
exceeds the spontaneous tumor rate (e.g., 1 to 8 % in various rat strains) (Coggins, 1998; 
Lovelace, 1996). Thus, because of their low sensitivity, long-term inhalation studies have not 
been used to discriminate different cigarette types. They currently do not provide information 
that can contribute to the validation of short-term tests. 

Recently, a new study design was proposed as a suitable long-term carcinogenicity test for 
cigarette smoke (Witschi et a!., 1997a). A/J mice, exposed for 5 months to a mixture of 
mainstream and sidestream smoke showed, after a latent period of 4 months, a significant 
increase in preneoplastic “nodules” in the lung. Surprisingly, the same results were also 
obtained when the mice were exposed only to the gas phase of cigarette smoke (Witschi et 
a!-, 1997b). However, in other experiments the same strain did not respond to cigarette 
smoke, even after exposure for 8 months. Considering further that, for unknown reasons, the 
spontaneous lung tumor rate of this mouse strain varies considerably (10 - 60%, Maronpot et 
al., 1986), we believe that this new study design needs to be carefully validated in order to 
generate more information on its specificity and relevance for the assessment of potentially 
harmful properties of smoke. In addition, there was poor agreement between strain A test 
results between laboratories as well as in comparison to 2-year carcinogenicity or 
genotoxicity test results (Maronpot et al., 1986). 

In general, due to the lacking sensitivity of chronic inhalation studies (Coggins, 1998), it is not 
possible to correlate short-term to chronic test outcomes. The use of transgenic rodent 
models is currently being validated for the testing of chemicals and pharmaceutical materials 
(e.g., coordinated effort by the International Life Science Institute, ILSI). Chronic inhalation 
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studies on transgenic rodents might provide a future extension of the current test batteries on 
cigarette smoke. 

6.4 Chronic Dermal Application Studies 

Cigarette smoke condensate displays promoting activity and is tumorigenic in the mouse skin 
painting test. This test is sensitive with fair reproducibility and would therefore qualify for use 
in the evaluation of the tumorigenic potential of cigarette smoke. However, the test depends 
on a non-relevant target tissue (skin instead of lung tissue) with undefinable doses (too high, 
even for toxicological evaluation) of a incomplete test material (condensate only); thus it is 
insensitive for changes in the gas phase of cigarette smoke. For these reasons, this test 
should not be used as a standard tool in cigarette smoke evaluation, but rather for special 
investigations where its restrictions and their implications are well known. In the latter cases 
the time-saving use of genetically modified mice (e.g., TG.AC) which are currently being 
validated, may be advantageous. 

6.5 Instillation 

Alternative exposures, for instance intratracheal instillation, have only been applied in specific 
cases (Tartrai et al., 1995, 1996), and their use for the discrimination of cigarette prototypes 
has not been published. 
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6 Tests for Design Effectiveness Evaluation 

6.1 Acute Inhalation Tests (~1-3 days) 

Acute inhalation studies at sub-lethal CS concentrations in rodents have been used to a 
certain extent in comparative studies with the objective to identify the causative smoke 
fraction for the endpoint under investigation (e.g., Bernfeld, 1975; Lam, 1980) or to actually 
differentiate different cigarette types with modifications intended to reduce the ‘potential 
harmful properties' of cigarettes (e.g., Reznick-Schuller, 1980; Dalhamn and Rylander, 1971). 
However, this type of study has not gained widespread use in comparative cigarette testing 
studies, most probably because of the limited evidence from the very short-term exposure 
and the unrealistically high CS concentrations applied. For instance, exposure resulting in the 
erosion of laryngeal epithelia (Lam, 1980) does not have a correlate in pathological changes 
in the respiratory tract of smokers and would be considered overdosed. This type of test does 
not reflect the sustained and adaptive hyperplastic and metaplastic changes seen following 
prolonged inhalation periods (~>14 days) in the respiratory tract of rodents (Burger et al., 
1989). For other endpoints, e.g., reprotoxicological (Jalili, 1998), there is no critical body of 
studies available against which to assess their usefulness in comparative cigarette testing. 

6.2 Inhalation Tests with Repeated-Dose or Subchronic Exposure 

For routine cigarette prototype testing, comparative evaluation in subchronic inhalation 
studies is the method of choice. Inhalation tests with repeated-dose exposure have been 
mainly used for range finding for standard OECD type 90-day inhalation studies. Other 
standard endpoints have been assessed for their use in comparative cigarette smoke testing 
but were rather unsuccessful (e.g., Lee et al., 1990; Miller et al., 1996). Several selected 
examples of tobacco smoke inhalation studies designed to compare the ‘potential harmful 
properties’ of cigarette prototypes are listed in Table 1. A common approach of these studies 
is to base the design on OECD guideline no. 412 "Repeated-dose inhalation toxicity: 28-day 
or 14-day study” and on OECD guideline no. 413 “Subchronic Inhalation Toxicity: 90-day 
. Study”. 
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Duration 

Exposure Scheme 

Species 

Reference 

14 days 

nose-only; diluted smoke; 

1 hour/day; 5 days/week 

rat 

Reynolds, 1988 

cc 

nose-only, diluted smoke, 

4 hours/day, 7 days/week 

1 

Miller et al., 1996 

90 days 

nose-only; diluted smoke; 

1 hour/day; 5 days/week 

rat, hamster 

Reynolds, 1988 


u 

rat 

Coggins et al., 1993 

tc 

« 

hamster 

Renne et al., 1997 

“ 

it 

rat 

Gaworski et al., 1998 

ti 

nose-only, diluted smoke, 

6 hours/day, 7 days/week 

rat 

Vanscheeuwijk et al., 1998 


TABLE 1 Repeated-Dose and Subchronic Tobacco Smoke Inhalation Studies 
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Table 2 shows a list of endpoints described in the studies of Table 1 that showed a positive 
response and proved to be useful in comparative cigarette smoke inhalation studies, together 
with their most relevant features. 

The “type of change” of an endpoint provides its toxicological interpretation. “Sensitivity” is 
considered with respect to tobacco smoke exposure in inhalation studies. “Dose-response” is 
used with three categories: variable positive response, but with no stable and reproducible 
dose-response relationship; stable, proportional and reproducible dose-response; and a very 
steep, practically dichotomous dose-response. The latter can only be used for a qualitative 
discrimination. “Specificity” of the endpoint is highest when it seems mechanistically related 
to tobacco smoke inhalation, and is insensitive to other experimental conditions (e.g., 
housing, stress). Based on the sensitivity, dose-response, and specificity of the endpoint, a 
comment on its power to discriminate the ‘potential harmful properties’ of cigarettes in Design 
Effectiveness Evaluation, or on its usefulness for Product Change Testing is given in the 
adjacent column. 
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Endpoint 

Type of Change 

/Toxicological 

Interpretation 

Sensi¬ 

tivity 

Dose- 

Response 

Speci¬ 

ficity 

Comment 

Reference 

minute ventilation, 
tidal volume, frequency 

irritancy 

++ 

+ 

+ 

useful 

Reynolds, 1988 

blood HbCO 

inhibition of oxygen 
transfer to tissue 

4""b 

++ 

+++ 



in-life observation (e.g., 
spontaneous activity) 

general/systemic toxicity 

++ 

+ 

+ 

(discrimina¬ 

tive) 

(I 

body weight development 

it 

+++ 

++ 

+ 

discrimina¬ 

tive 

u 

heart weight 

target organ toxicity 

+ 



useful 

Gaworski et al., 

1998 

lung weight 


+ 

++ 

++ 

it 

« 

weight of other organs 

organ toxicity 

+ 

+ 

+ 

u 

it 


TABLE 2 Endpoints Applied to Repeated-Dose or Subchronic Tobacco Smoke Inhalation Studies 

The ranking of the endpoints with respect to sensitivity, dose-response and specificity are not given by the authors of the 
references cited but reflect the interpretation of the author of this document. 


sensitivity: 

+ low 

dose-response: 

+ 

variable 

specificity: 

+ 

low 


++ intermediate 


++ 

stable, proportional 


++ 

intermediate 


+++ high 


+++ 

dichotomous, steep 


+++ 

high 


Source: https://www.industrydocuments.ucsf.edu/docs/yfhk0001 
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Endpoint 

Type of Change 

/Toxicological 

Interpretation 

Sensi¬ 

tivity 

Dose- 

Response 

Speci¬ 

ficity 

Comment 

Reference 

histopathology: 







nose: epith. hyperpl., 
squamous metapl. 

irritation, adaptive 
changes 

+++ 


+++ 

discrimina¬ 

tive 

Gaworski et al., 
1998 

larynx: squamous metapl. 

u 

+++ 

+++ 

+++ 

saturated 3 

it 

epith. thickness 

u 

+++ 

I r 

+++ 

discrimina¬ 

tive 

Vanscheeuwijk et 
al., 1998 

trachea: goblet cell hyperpl. 

it 

++ 

+ 

++ 

it 

Reynolds, 1988 

lungs: goblet cell hyperpl., 
macrophage aggregation 

a 

+ 

++ 

+ 

useful 

Gaworski et al., 
1998 

heart: multifocal chronic 
inflammation, focal necrosis 

cardiotoxicity 

+ 

4- 

++ 

useful 

Reynolds, 1988 


TABLE 2 (cont.) Endpoints Applied to Repeated-Dose or Subchronic Tobacco Smoke Inhalation Studies 


The ranking of the endpoints with respect to sensitivity, dose-response and specificity are not given by the authors of the 
references cited but reflect the interpretation of the author of this document. 


sensitivity: + low dose-response: 

++ intermediate 
+++ high 


+ variable 

++ stable, proportional 
+++ dichotomous, steep 


specificity: + low 

++ intermediate 
+++ high 


a useful only for very low dose exposure 
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Other endpoints, however, that are required by OECD guidelines, but did not contribute 
substantial information in comparative tobacco smoke inhalation studies, are not shown. 
These guidelines recommend the inclusion of post-inhalation satellite groups in order to 
investigate potential reversibility, persistence, or delayed occurrence. Most changes seen 
following 90 days of inhalation reverse within 42 days of post-inhalation (e.g,, Coggins et al., 
1993). 

Although there are also some examples with hamsters, the species of choice for cigarette 
prototype testing in 90-day studies has been the rat. The most common exposure mode for 
rats in this type of study is head/nose-only exposure. Exposure duration per day varies from 
several cycles of a few minutes each, up to several hours. For reasons of feasibility, simple 
exposure schemes with only one exposure period per day are advantageous. Experience 
with 90-day studies has shown that exposure periods of up to six hours per day are feasible 
and well-tolerated by the rats (Vanscheeuwijck et al., 1998). 

The list of endpoints preferable for application in 90-day studies for comparative cigarette 
smoke testing is basically the same as for studies with shorter exposure durations. Some 
endpoints that show a distinct response after 5 to 14 days display minimal responses and 
unstable pattern of response after longer exposure duration, thus indicating some kind of 
adaptation (as shown for DNA synthesis following sidestream smoke inhalation; Brown et al., 
1995). Other endpoints that display only an unstable pattern of response in the shorter 
studies show a clear-cut dose-response in 90-day studies (e.g., heart weight; Reynolds, 
1988), thus indicating that they need a time period of several weeks to fully develop. 
Consequently the histopathological examinations done in 90-day studies provide more 
information than those used in the 28-day or 14-day studies (for example see Reynolds, 
1988). 

Besides classic histopathology in the respiratory tract, other endpoints are expected to 
assume an increasingly prominent role in the conduct and interpretation of rodent inhalation 
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studies. These endpoints, such as DNA adducts in target and non-target tissues, 
chromosomai aberrations in pulmonary alveolar macrophages and other alveolar 
macrophage cytogenetics, changes in bronchoalveolar cell composition or cytokeratin 
expression patterns, oxidative DNA damage, immunological changes, or cell proliferation, 
have been applied in mainstream and sidestream smoke inhalation studies (Ayres et al., 
1995; Bond et al., 1989; Brown et al., 1995; Haussmann et al., 1998; Lee et al., 1992, 1993; 
Mauderly etal., 1989; Miller et aL, 1996; Rithidech et al., 1989; Schlage etal., 1998). 
However, their use in evaluating the ‘potential harmful properties’ of tobacco smoke has not 
yet been validated. 

A quantitative comparison of cigarette types in a short-term test, can be optimized increasing 
the number of animals per dose group and reducing the number of endpoints investigated. 
Such a reduced set of endpoints should focus on those with the greatest relevance and a 
clear dose-response in the planned exposure situation. Following the categories listed in 
Table 2, an example for such a set would be: respiratory physiology, body weight change, 
and histopathology of the respiratory tract, including the nose. It must be considered that not 
every sensitive endpoint has the midrange of its dynamic response at the same test 
atmosphere concentration; if needed, multiple TPM dose groups have to be used. For the 
evaluation of novel cigarette prototypes with respect to their ‘potential harmful properties’, a 
balance has to be found between the number of animals per dose group and the number and 
the diversity of endpoints to be investigated. 

In comparative studies with conventional and novel cigarette prototypes, respiratory 
physiology, body weight gain reduction, and histopathological changes in the respiratory tract 
were most suitable. Dose groups of about 10 animals per group allowed for a discrimination 
of cigarettes with about 20 to 50 % difference in ‘potential harmful properties’ in individual 
endpoints (Roemeret al., 1998). 
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